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(54) MOTOR CONTROLLER

(57) A safety circuit (20) that cuts off a PWM signal
for driving an inverter (30) appropriately determines a
factor for an abnormality. A motor controller (1) includes
an inverter (30) that converts a direct current to an alter-
nating current, a control unit (10) that generates, in re-
sponse to a motor drive command from an external de-
vice, a PWM signal for driving the inverter (30), and a
safety circuit (20) arranged between the inverter (30) and

the control unit (10). The inverter (30) includes an upper
switching element (21) and a lower switching element
(23). The safety circuit (20) includes AND circuits (4) hav-
ing two or more inputs, the AND circuits (4) correspond-
ing, respectively, to the upper switching element (21) and
the lower switching element (23) and being configured
to cut off the motor drive signal based on a safety input
signal.
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Description

FIELD

[0001] The present invention relates to a motor con-
troller.

BACKGROUND

[0002] A motor controller is known which includes a
safety circuit that stops a motor in a safe manner in re-
sponse to an input from, for example, an emergency stop
switch (JP 2010-104187A). A motor controller described
in JP 2010-104187A includes a safety circuit (safety stop
circuit) arranged between a pulse width modulation
(PWM) circuit, which generates a PWM signal for driving
a motor, and a drive circuit, which drives an inverter. The
safety circuit includes a three-state buffer. The safety cir-
cuit uses an input from a motor stop switch as an input
for controlling the three-state buffer to cut off a PWM
signal that is input to the drive circuit.
[0003] JP 2010-104187A is an example of related art.
[0004] A motor controller uses a three-phase power
supply line to supply power to a motor.
[0005] An inverter that receives an input of a PWM sig-
nal includes three pairs of switching elements corre-
sponding, respectively, to the U phase, the V phase, and
the W phase of the motor. More specifically, the inverter
includes a series circuit for the U phase including a U-
phase upper switching element and a U-phase lower
switching element in a pair. The inverter also includes a
series circuit for the V phase including a V-phase upper
switching element and a V-phase lower switching ele-
ment in a pair. The inverter further includes a series circuit
for the W phase including a W-phase upper switching
element and a W-phase lower switching element in a
pair. The three series circuits are connected in parallel
to a DC power supply. The three pairs of switching ele-
ments are connected to their corresponding U-phase, V-
phase, and W-phase armature windings. When the safe-
ty circuit includes a three-state buffer as described in JP
2010-104187A, an abnormal state of the three-state buff-
er itself can be detected. However, this structure cannot
monitor the signal path included in the safety circuit.

SUMMARY

[0006] In view of the above issue, one aspect of the
present invention is directed to a motor controller in which
a safety circuit that cuts off a PWM signal that is provided
to an inverter can appropriately determine a factor for an
abnormality.
[0007] To address the above issue, a motor controller
according to one aspect of the present invention includes
an inverter, a control unit, and a safety stop circuit. The
inverter converts a direct current to an alternating current.
The control unit generates, in response to a motor drive
command from an external device (for example a host

device), a motor drive signal for driving the inverter. The
safety stop circuit is arranged between the inverter and
the control unit. The inverter includes an upper switching
element and a lower switching element. The safety stop
circuit includes logic gates having two or more inputs
(input terminals), the logic gates corresponding, respec-
tively, to the upper switching element and the lower
switching element and being configured to cut off the
motor drive signal based on a safety input signal.
[0008] In the motor controller according to the above
aspect of the present invention, the control unit preferably
receives at least one output signal from each of the logic
gates having two or more inputs or the safety input signal
corresponding to the output signal, monitors the safety
input signal or the output signal, and diagnoses a failure
in the motor controller.
[0009] In the motor controller according to the above
aspect of the present invention, the control unit preferably
receives at least one output signal from each the logic
gates having two or more inputs and the safety input sig-
nal corresponding to the output signal, and diagnoses a
state of each of the logic gates having two or more inputs
based on the output signal and the safety input signal.
[0010] In the motor controller according to the above
aspect of the present invention, the control unit preferably
inputs a self-diagnostic signal to an input terminal of each
of the logic gates having two or more inputs, and monitors
a signal that is input to the input terminal to monitor signal
paths for the logic gates having two or more inputs.
[0011] In the motor controller according to the above
aspect of the present invention, the safety stop circuit
preferably receives the motor drive signal and the safety
input signal. When the safety input signal is low, the logic
gates having two or more inputs output low signals, and
the safety stop circuit cuts off the motor drive signal.
[0012] According to embodiments of the present inven-
tion, the safety circuit that cuts off a PWM signal that is
provided to the inverter can appropriately determine a
factor for an abnormality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a diagram showing the configuration of a
motor control system according to one embodiment
of the present invention.
Figs. 2A and 2B are diagrams showing the configu-
ration of a safety circuit according to the embodiment
of the present invention.

DETAILED DESCRIPTION

[0014] The configuration of a motor control system will
now be described with reference to Fig. 1. A motor control
system 100 includes a motor 40 and a motor controller
1. The motor controller 1 includes a control unit 10, a
safety circuit 20 (safety stop circuit), and an inverter 30.
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[0015] The control unit 10 includes a motor control unit
11 and a safety control unit 13. The control unit 10 may
typically be a microprocessor that reads and executes a
software module, or may combine a software module that
is implemented by a microprocessor with a dedicated
circuit. The control unit 10 may also combine a plurality
of software modules that are implemented by microproc-
essors.
[0016] The motor control unit 11 outputs a PWM signal
(motor drive signal) for driving the motor 40 based on a
command value (motor drive command) from an external
device, such as a host device, and a feedback value from
a position sensor (not shown).
[0017] The inverter 30 typically includes three pairs of
switching elements corresponding, respectively, to the
U phase, the V phase, and the W phase of the motor 40.
More specifically, the pair of switching elements for the
U phase includes a U-phase upper switching element
UH (21) and a U-phase lower switching element UL (23)
that are connected in series, the pair of switching ele-
ments for the V phase includes a V-phase upper switch-
ing element VH (21) and a V-phase lower switching ele-
ment VL (23) that are connected in series, and the pair
of switching elements for the W phase includes a W-
phase upper switching element WH (21) and a W-phase
lower switching element WL (23) that are connected in
series. The three pairs of switching elements are con-
nected in parallel to a DC power supply (not shown). Each
pair of switching elements is connected to the corre-
sponding U-phase, V-phase, or W-phase armature wind-
ing of the motor 40 at a node between the upper switching
element 21 and the lower switching element 23. The in-
verter 30 switches the upper switching elements 21 and
the lower switching elements 23 based on PWM signals
to drive the motor 40.
[0018] The safety circuit 20 receives PWM signals for
the upper switching elements 21 output from the control
unit 10, PWM signals for the lower switching elements
23 output from the control unit 10 , and a safety input
signal. When the safety input signal is low, the safety
circuit 20 cuts off (interrupts) the PWM signals that are
provided to the upper switching elements 21 and the low-
er switching elements 23 in the inverter 30.
[0019] The operation of the safety circuit will now be
described in detail with reference to Figs. 2A and 2B.
[0020] The safety circuit 20 includes six AND circuits
(logical conjunction circuits) 4 having N inputs in corre-
spondence with the upper switching elements 21 and the
lower switching elements 23, respectively. The safety cir-
cuit 20 receives a safety input signal from a safety con-
troller (not shown) or a safety input signal from the safety
control unit 13.
[0021] Each AND circuit 4 (logic gate) has an input
terminal 41 to which a safety input signal Safety_In is
input and an input terminal 42 to which a PWM signal is
input. When the safety input signal Safety_In is set high,
the AND circuit 4 outputs the PWM signal. On the other
hand, when the safety input signal Safety_In is low, the

AND circuit 4 outputs a low signal (output signal), and
the output of the PWM signal is cut off.
[0022] As described above, a safety input signal is in-
put to the AND circuits 4, which also receive PWM signals
corresponding, respectively, to the upper switching ele-
ments 21 and the lower switching elements 23. This al-
lows the PWM signal that is input to each of the upper
switching elements 21 and the lower switching elements
23 to be cut off based on the safety input signal Safety_In.
[0023] Monitoring of an output from each AND circuit
4 will now be described. The output from each AND circuit
4 is input to the control unit 10. The safety input signal
Safety_In input to the input terminal 41 of each AND cir-
cuit 4 is also input to the control unit 10. The control unit
10 monitors both the output from the AND circuit 4 and
the safety input signal with respect to each of the upper
switching elements 21 and the lower switching elements
23.
[0024] When the input safety input signal is low, the
control unit 10 determines that the safety circuit 20 is
abnormal upon receiving an output other than 0 (low)
from any of the AND circuits 4.
[0025] When the input safety input signal indicates 1
(high), the control unit 10 determines that the safety cir-
cuit 20 is abnormal upon receiving an output from only
part of the AND circuits 4, that is, if there is an AND circuit
4 that does not output a PWM signal. When determining
that the safety circuit 20 is abnormal, the control unit 10
stops outputting the PWM signals.
[0026] In this manner, the control unit 10 can monitor
both the safety input signal Safety_In, which is logically
ANDed with each of the upper and lower PWM signals,
and the output from each AND circuit 4. As a result, the
control unit 10 can diagnose the state of each AND circuit
4, and thus can diagnose a failure in the motor controller
1.
[0027] The control unit 10 may also input a self-diag-
nostic signal to a signal line connected to the input ter-
minal 41 of each AND circuit 4 and monitor the signal
input to the input terminal 41 of each AND circuit 4 to
monitor an abnormality on the signal path. The self-di-
agnostic signal may typically be a pulse signal with a
predetermined fall time and a predetermined rise time.
[0028] The control unit 10 can be configured to monitor
the six AND circuits 4 and the signal lines through which
signals are input to the respective AND circuits 4. There-
fore, it is possible to appropriately determine which of the
AND circuits 4 and the signal lines constitutes a factor
for an abnormality.
[0029] It should be noted that if an abnormality occurs
in the three-state buffer disclosed in JP 2010-104187A,
there is a possibility of all the PWM signals output from
the three-state buffer becoming abnormal, bringing the
motor M into an abnormal state.
[0030] In contrast, the safety circuit 20 according to the
present embodiment is divided into a circuit correspond-
ing to the upper switching elements 21 and a circuit cor-
responding to the lower switching elements 23. With this
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configuration, even when an abnormality occurs in, for
example, the circuit corresponding to the upper switching
elements 21 and creates a situation in which all of the
upper PWM signals output from this circuit are abnormal,
the lower PWM signals output from the circuit corre-
sponding to the lower switching elements 23 may be nor-
mal. Therefore, the possibility of all the PWM signals out-
put from the safety circuit 20 becoming abnormal is re-
duced, and hence the possibility of the motor 40 being
brought into an abnormal state is reduced.
[0031] Furthermore, the safety circuit 20 includes the
six AND circuits 4 corresponding, respectively, to the
three upper switching elements 21 and the three lower
switching elements 23. With this configuration, even
when an abnormality occurs in a certain AND circuit 4,
for example, and creates a situation in which the PWM
signal output from that AND circuit 4 is abnormal, the
PWM signals output from the other AND circuits 4 may
be normal. Therefore, the possibility of all the PWM sig-
nals output from the safety circuit 20 becoming abnormal
is further reduced, and hence the possibility of the motor
40 being brought into an abnormal state is further re-
duced.

Additional Embodiments

[0032] Although a three-phase motor 40 is used in the
foregoing embodiment, a two-phase motor may also be
used. In this case, the number of PWM signals can be
four, and the number of AND circuits 4 can be four. Al-
though a PWM signal is used as the signal for driving the
motor 40 in the foregoing embodiment, a signal for chang-
ing the current or voltage that is supplied to the motor 40
may also be used.
[0033] Although AND circuits 4 are used in the forego-
ing embodiment, other types of logic gates such as a
NOT-AND (NAND) circuit may also be used. In this case,
appropriate phases for the safety input signal and the
PWM signals can be set based on the type of the logic
gate that is used. Although two signals are input to each
AND circuit 4 in the foregoing embodiment, three or more
signals may also be input thereto.
[0034] Moreover, a drive circuit for driving the upper
switching elements 21 and the lower switching elements
23 in the inverter 20 based on a PWM signal from the
safety circuit 20 may also be provided between the safety
circuit 20 and the inverter 30.
[0035] Furthermore, according to another aspect of the
present invention, the following configurations may also
be adopted.
[0036] That is to say, a motor controller according to
this aspect may be a motor controller including a drive
circuit that drives an inverter that converts a direct current
to an alternating current, a control unit that generates, in
response to a motor drive command from an external
device, a motor drive signal for driving the drive circuit,
and a safety stop circuit that is arranged between the
drive circuit and the control unit, wherein the drive circuit

includes an upper switching element and a lower switch-
ing element, and the safety stop circuit includes logic
gates having two or more inputs, the logic gates corre-
sponding, respectively, to the upper switching element
and the lower switching element and being configured to
cut off the motor drive signal based on a safety input
signal.
[0037] The present invention is not limited to the spe-
cific embodiments described above. It will be appreciated
that various modifications are possible without departing
from the scope of the claims, and the technical scope the
present invention is intended to cover those embodi-
ments that are obtained by appropriately combining the
technical means that have been disclosed above in the
different embodiments.

LIST OF REFERENCE NUMERALS

[0038]

1 motor controller
4 logic gates
10 control unit
11 motor control unit
13 safety control unit
20 safety circuit (safety stop circuit)
21 upper switching elements
23 lower switching elements
30 inverter
40 motor

Claims

1. A motor controller (1), comprising:

an inverter (30) configured to convert a direct
current to an alternating current;
a control unit (10) configured to generate, in re-
sponse to a motor drive command from an ex-
ternal device, a motor drive signal for driving the
inverter (30); and
a safety stop circuit (20) arranged between the
inverter (30) and the control unit (10),
wherein the inverter (30) includes an upper
switching element (21) and a lower switching
element (23), and
the safety stop circuit (20) includes logic gates
(4) having two or more inputs, the logic gates
(4) corresponding, respectively, to the upper
switching element (21) and the lower switching
element (23) and being configured to cut off the
motor drive signal based on a safety input signal.

2. The motor controller (1) according to claim 1,
wherein the control unit (10) is configured to receive
at least one output signal from each of the logic gates
(4) having two or more inputs or the safety input sig-
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nal corresponding to the output signal, to monitor the
safety input signal or the output signal, and to diag-
nose a failure in the motor controller (1).

3. The motor controller (1) according to claim 1 or 2,
wherein the control unit (10) is configured to receive
at least one output signal from each of the logic gates
(4) having two or more inputs and the safety input
signal corresponding to the output signal, and to di-
agnose a state of each of the logic gates (4) having
two or more inputs based on the output signal and
the safety input signal.

4. The motor controller (1) according to any of claims
1 to 3,
wherein the control unit (10) is configured to input a
self-diagnostic signal to an input terminal of each of
the logic gates (4) having two or more inputs, and to
monitor a signal that is input to the input terminal to
monitor signal paths for the logic gates (4) having
two or more inputs.

5. The motor controller (1) according to any of claims
1 to 4,
wherein the safety stop circuit (20) receives the mo-
tor drive signal and the safety input signal, and
when the safety input signal is low, the logic gates
(4) having two or more inputs output low signals, and
the safety stop circuit (20) cuts off the motor drive
signal.
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